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Many seaports worldwide attempt to gain energy efficiency towards 
reducing their energy costs while mitigating climate change and 
environmental effects. In this pa- per, a low-cost business-oriented seaport 
energy effective management (PERFFECT) platform is introduced. 
PERFFECT intends to gain knowledge on fundamental port operational and 
business processes and evaluate them against energy efficiency and 
environmental footprint. Exploiting all the proposed PERFFECT 
applications like monitoring, evaluation, forecasting, and optimization, the 
energy efficiency of the op-erational infrastructure of the port’s is achieved. 
Port’s energy balance is estimated andused to decide the ports optimal energy 
usage. Moreover, the traffic volume producedby the gate check is simulated 
and utilized for further actions. These actions include energy savings and 
emission reduction recommendations. Finally, the proposed platform is 
evaluated against real-life data, while the experimental results present the 


out-come and efficiency of the system. The suggested system results in up to 
82.82% lightenergy savings after a specific suggested action and up to 33% 
reduction of vehicle emissions, respectively. 
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1. INTRODUCTION 

The European Union (EU) imports almost 53.6% of the energy it consumes, spending almost one 
billion euros per day on it [1]. As a result, energy efficiency is one of the utmost priorities of the EU [2]. Within 
this context, ports are consuming a massive amount of energy for their operation processes and functions like 
central hubs in the transport. Accordingly, port authorities in Europe have developed energy efficiency tactics 
to comfort with the European legislation. Specifically, the main frameworks that the European port authorities 
adopt are i) the port environmental review system (PERS), ii) the international standards organization (ISO) 
14001 standard, and iii) the eco-management and audit scheme (EMAS) [3]. 

While ISO 14001 and EMAS are more comprehensive, energy management systems (EMSs) may be 
applied to any process. The PERS focuses on ports incorporating the main general requirements of 
recognized environmental management standards (e.g., ISO 14001), but also takes into account the specificities 
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of ports. In general, EMAS is considered to have a stricter interpretation of how environmental processes 
should be planned and managed comparing to ISO 14001, including a comprehensive environmental review of 
the processes and a regularly published environmental statement. Apart from EMSs, the energy management 
system ISO 50001 may also serve as a useful tool for ports, however it focuses solely on the improvement of 
the energy performance of processes, contrary to EMSs that focus on the improvement of all environmental 
impacts of ports, including energy efficiency. Moreover, mediterranean countries like Greece, Italy, Slovenia, 
Montenegro and Albania developed port environmental management plans (PEMP) to manage their energy 
with an efficient way aiming to minimize their consumption and emissions [3]. 

Energy consumption ranked second among the environmental priorities of the European port sector 
from 2016 till 2019 [4]. As depicted in Figure 1, in the last year, European ports acknowledge energy 
efficiency, instead of energy consumption, as the third most important environmental priority, following air 
quality and climate change [4]. Energy efficiency influences the climate change so they are interlinked to a 
degree. The top priorities remain almost the same during the last years, indicating the key importance role of 
a port’s collaborative action towards these factors. In addition, energy seaport management may facilitate 
these actions through optimization techniques, aiming in improving the energy efficiency while decreasing 
the environmental effects including air quality. 
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Figure 1. Top 7 environmental priorities for the port sector over the last years [4] 


Furthermore, the international standards organization (ISO) addressed a useful tool to facilitate en- 
ergy management while supporting the stakeholders to decrease their energy consumption [5]. The ISO 50001 
‘energy management’ [6], presented in 2011, is based on data-driven processes to improve the energy perfor- 
mance exploiting the conventional plan-do-check-act (PDCA) improvement cycle [7]. The main environ- 
mental management systems (EMSs) frameworks that the European port authorities adopt are: i) The port 
environmental review system (PERS) ii) the ISO 14001 standard on EMS, and iii) the eco-management and 
audit scheme (EMAS) [5]. All these frameworks include energy management, carbon management and 
measurement, and environmental management [5]. 

All above legislation, frameworks and priorities indicate the fundamental importance of energy 
man- agement aiming at minimizing energy consumption and climatic effect. Port European authorities have 
to improve their operational processes exploiting technology-wise procedures, to gain an improved 
environmen- tal footprint while reducing energy consumption. Specifically, the latest energy-related 
technologies for ports to reduce track emissions include technologies like auxiliary power units and generator 
sets (APU/GS) [8], battery air-condition systems (BAC), electrified parking spaces (EPS) or truck stop 
electrification stations (TSES) [9], and manoeuvring eco-driving [10]. Another energy-efficient technology is 
cold ironing to reduce ship emissions during berth processes [11]. 
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The aforementioned techniques and technologies are to a high degree proven energy and fuel 
efficient, but the initial cost is assessed extremely high. Indicatively, a typical installation cost for a TSES is 
between 15.000$ per space [12]. As a result, to effectively reduce truck emissions during idling using a TSES 
technology a capital of at least 75.000$ is needed (i.e., 5 spaces). Likewise, to design and construct a cold 
ironing terminal 1.5 million $ per berth for the shore-side infrastructure is required [11]. As a result, port 
authorities could be reluctant to adapt such high-cost solution. 

To address the initial capital problem a comprehensive knowledge of the main port’s operational and 
business processes that are energy related is necessitated. Port energy awareness can contribute to built a 
foundation that will facilitate the port authorities to use new low-cost technologies and practices to minimize 
the costs while reducing energy and emissions. Particularly, techniques that are data related can be exploited 
to manage energy in ports. Data analytics and data-driven machine learning models may be exploited to gain 
insight into the port’s necessities. 

Within this context, an adjustable low-cost, non-intrusive and feasible energy effective management 
platform is deployed. This platform introduces an innovative overall system to optimize energy management, 
reduce air-pollution based on port information and data, while providing a port overview to the stakeholders 
through a manifold knowledge of the main port business logic. The main objective of the seaport energy 
effective management platform (PERFFECT) is to help the port administrator to gain insight to all the ports 
fundamental processes at one glance while sending notifications for the current port traffic, climate mitigation 
and energy efficiency. Finally, PERFFECT engrosses all legislation and rules tailored to ports to its estimations 
and decisions. To this end, the rest of the paper is structured as follows: section 2. presents research related to 
energy management in seaports. Section 3. analyzes all the methodology used for PERFFECT platform and its 
individual components. Subsequently, the results are drawn in section 4. 


2. RELATED WORK 

An effective and technology-wised EMS of a seaport may have impor- tant advantages. The EMS 
consists of progressing techniques, methods, procedures, and tools for monitoring, controlling, and analyzing 
the energy requirements of a ports’ facilities. The port’s EMS manages the energy balance of the port while 
monitoring all other necessary conditions and parameters like environmental conditions, emissions, traffic, 
cargo management, and ships’ arrivals/departures, towards energy efficiency. Energy management in ports is 
of crucial importance to mitigate energy and carbon emissions while helping the ports to improve their 
environmental footprint. As a result, some proposed port-tailored EMSs, and the most recent will be 
acknowledged in this section. 

According to Martinez-Lépez et al. [13], a ship’s electricity cost could be minimized through an 
optimal power flow dispatch taking into consideration the energy produced from photovoltaics, battery, 
diesel and cold ironing [14]. The method suggested uses penalty functions that estimate certain system 
constraints like solar output, battery capacity, the solar energy produced, and specific port regulations. 
Consequently, a particle swarm algorithm is used to optimize the energy. The system was tested trough a 
simulation process and proved to be efficient for energy management. In general, cold ironing that exploits 
artificial intelligence techniques is a powerful tool for energy efficiency [15]. 

As stated in [16], various operational strategies that can improve the energy efficiency and 
environmental footprint exist. The authors suggest that there are research gaps related to energy efficiency that 
could be gained by studying and reducing time-consuming port operations (e.g. idling time, gate traffic) that 
could lead to less energy consumption and emissions. The exploitation of specific methodologies like peak 
shaving, cold- ironing and automated equipment may contribute to energy use optimization. Furthermore, other 
techniques for reducing emissions from idling at the port gate include traffic prediction as reported in [17]. 

As presented in the work of [18], green ports are studied emphasizing into sustainable techniques. 
The port authorities are mainly interested in reducing their impact on the environment by reducing their 
emissions as regulated by the local legislation. As the authors conclude, their is not sufficient research on 
how land-side transportation operations, like the movement from and to the port, may reduce the 
environmental effects. Furthermore, ports are rescheduling their facilities by transforming ports into smart 
grids and energy hubs. Some widely used techniques include: cold ironing (CI) [14], renewable energy 
sources (RES) [19], smart port lighting (SPL) [17], cargo handling cranes (CHC) [17], energy storage 
systems (ESS) [14] and reefer smart power supply (RSPS) [14]. 

In the work of [20], it is suggested that ports should focus on sustainability as transport systems have 
a tremendous effect on the the environment and climate. There are various techniques referred in the literature 
to mitigate port pollution and emissions focusing on different aspects like power and fuels, port plans and 
management, land activities, and sea activities. On the other hand, it is concluded that the literature should 
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focus more on decision making tools that would facilitate energy efficiency in ports. Finally, it is stated that 
EMSs that are based on port monitoring would benefit the energy and environmental management. 

As addressed in the work of [21], it is mentioned that the exploitation of renewable energy sources is 
of key importance as ports are large scale energy users. As a result, port authorities must exploit EMS to reduce 
their energy consumption and emissions while considering renewable energy generation. The authors suggest 
a smart port microgrid to optimize the energy used by adapting a linear programming model. Their model aims 
to manage the ports grid to reduce energy cost and consumption. All, the above is summarized in Table 1. 


Table 1. Comprehensive overview of energy management techniques in seaports 


No Objective Target Methodology Reference 

1 Electricity cost and Ships power flow dispatch AI for optimization 13] 
Emission minimization electricity cost Ships Cold ironing [14], [15] 
and emission minimization 

3 Reduce time consuming operations Gate Peak saving 16] 

4 Reduce time consuming operations Gate Traffic prediction 17] 

5 Green port Port Renewable Energy Sources (RES),Energy storage systems [19], [21] 

(ESS) and Reefer Smart Power Supply ( RSPS) 
6 Energy management Port Port Smart PortLighting (SPL), 17] 
7 Sustainability at transport systems Port Port Cargo Handling Cranes (CHC), 20] 


3. PERFFECT METHODOLOGY 

In this section, the methodology of PERFFECT is addressed. Initially, the basis of the main port 
operations and business logic is studied and analyzed to discover which are the processes and energy-related 
operations. All of these processes are sorted out to those that PERFFECT can intervene and monitor and those 
that are irrelevant and perplexing. Furthermore, as PERFFECT intends to follow a more widely-applicable, 
low-level and easy to manage operational analysis, specific high-level and complex activities like cargo storage 
were omitted at the initial analysis phase. However, cargo could be stated as one of the categories in the next 
updated analysis. Furthermore, the buildings of a port are not included as many building management systems 
(BMSs) exist, and building sector of a port could be considered as a typical public building. Nevertheless, such 
a category may be included if needed upon the stakeholders demand. 

The legislation and specifications needed to estimate certain key performance indicators and environ- 
mental factors may be retrieved from the local legislation and by the port authorities itself as it is the main 
stakeholder. Based on the produced analysis outcome, the available data is retrieved and fed to artificial models 
to provide various information and recommendations. Finally, all results are evaluated based on selected energy 
or environmental key performance indicators. 


3.1. Main port operations and business logic 

A port has various roles like operating, economic, and administrative. Moreover, there are different 
port operational processes including but not limited to: ships’ berthing, ships’ anchoring and departure, 
vehicles gate control, cargo transportation, and building automation systems (BAS). Initially, the main 
energy-related operations are grouped to 4 main categories based on the fundamental port elements that could 
be monitored and/or controlled: 

— Ships: Those operations include all ship procedures and sub-processes like ships’ arrival rate, departure, 
anchoring, ships’ emissions, and cargo/container/vehicles loading and unloading. All these operations are 
mentioned as ships — No, where No defines a distinct number for each different ship sub-process. 

— Vehicles: Those operations include all vehicle procedures and sub-processes like vehicles’ arrival rate, 
vehicles’ traffic, vehicles gate control, vehicles idling, vehicles emission, vehicles on board. All these 
operations are mentioned as Vehicles — No, where No defines a distinct number for each different vehicle 
sub-process. 

— Energy: Those operations include all energy consumption and generation procedures and sub-processes. 
All these operations are mentioned as Energy — No, where No defines a distinct number for each different 
energy sub-process. 

— Lights: Those operations include all lights’ processes and characteristics like number of lights, light’s 
type, energy consumption, and lights’ scheduling. All these operations are mentioned as Lights No, where 
No defines a distinct number for each different light sub-process. 

Subsequently, based on the fundamental port’s operations, specifications, and needs, the main PERF- 

FECT processes are divided into 6 main categories that consist of various processes of the above 4 operations. 

Those processes where selected after processing the main operations that the PERFFECT methodology can 

intervene, manage, simulate, monitor, and evaluate. These are as depicted in Figure 2 and are described: 

1) Port’s operational processes. Those processes are the main port operations and businesses, and are: 
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(a) Ships-1: It refers to the number of ships arriving and deporting at the port. 

(b) Ships-2: It refers to the number of ships that are anchored at the port. 

(c) Vehicles-1: It refers to the vehicles’ arrival rate to the port’s gate. If the arrival rate is high it results 
in traffic congestion at the gate. 

(d) Vehicles-2: It refers to the time the vehicles are idling at the port gate due to traffic congestion. 
Long idling time results in higher vehicle emissions. 

(e) Light-1: It refers to the number and scheduling of the light that are situated in the pier’s area- 
International ship and port facility security area (ISPS) 

Port’s energy: Those processes refer to the port’s aggregate energy demand that may be controlled and 

the port’s renewable resources energy power. 

(a) Energy-1: It refers to the port’s energy consumption that can be controlled. 

(b) Energy-2: It refers to the port’s energy generation from photovoltaics. 

(c) Energy-3: It refers to the port’s energy generation from wind-power. 

Port specifications: Those specifications refer to specific legislation and specifications of the port admin- 

istration and authorities. 

(a) Vehicles-8: It refers to the maximum level of kilograms of carbon dioxide (CO2), nitrogen oxide 
(NOx) and particulate matter (PM) conforming either to the existing legislation or port’s 
environmental target. 

(b) Energy-7: It refers to photovoltaics specifications conforming either to the existing legislation or 
port’s specifications. 

(c) Energy-8: It refers to wind-power specifications conforming either to the existing legislation or 
port’s specifications. 

(d) Lights-5: It refers to the maximum level of kilograms of Carbon dioxide (CO2) conforming either to 
the existing legislation or port’s environmental target. 

(e) Lights-6: It refers to light scheduling based on seasonality and security. 

Real time indicators: Those indicators are the real-time information that is monitored, estimated and 

simulated by the PERFFECT methodology. 

(a) Vehicles-3: It refers to the volume of vehicles idling at the port gate. 

(b) Vehicles-4: It refers to the kilograms of carbon dioxide (CO2), nitrogen oxide (NOx) and particulate 
matter (PM ) during vehicle’s idling. 

(c) Energy-4: It refers to the energy balance. 

(d) Energy-5: It refers to total RES power generation. 

(e) Lights-2: It refers to the lights energy consumption. 

(f£) Lights-3: It refers to the kilograms of carbon dioxide (CO2) produced by lights. 

Decisions/Notifications: They refer to real time decisions and notifications produced by the PERFFECT 

artificial intelligence (AJ) algorithms. The notifications address to all the end-users (i.e, platform user, 

stakeholders, travellers and port administration). 

(a) Vehicles-5: Notifications to the end-user to open an additional gate because of high arrival rate 
(based onthe fact that all gates are not constantly open). 

(b) Vehicles-6: Notifications to the trucks and buses company for high traffic and delays. 

(c) Vehicles-7: Notifications to the travelers for high traffic and delays. 

(d) Energy-6: Decision making through an optimization process to manage energy balance. 

(e) Lights-4: Notifications to the end-user for light dimming to the international ship and port facility 
security code (ISPS) area. 

6) Key performance indicators (KPIs) 

(a) Vehicles-9: Percentage of vehicle emissions reduction. 
(b) Energy-9: Percentage of produced green energy. 

(c) Lights-7: Percentage of lights’ consumption savings. 
(d) Lights-8: Percentage of lights emissions reduction. 
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3.2. Perffect architecture 

The main goal of the PERFFECT methodology is to collect, monitor and analyze all critical 
functional and non-functional port requirements and operations while turning them into a set of fundamental 
elements that are responsible for consuming energy and/or producing direct or indirect emissions. 
Specifically, the PERFFECT system consists of 5 basic sub-systems (Figure 3) that are i) PERFFECT safe 
cloud platform, ii) user interface (UI) System, iii) monitoring system, iv) berth allocation/planning system 
(BERTH), and v) application management and decision system. Each of the above systems runs smoothly 
and performs individual operations, which are presented through the PERFFECT platform (visual analytics). 
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Figure 2. Port operational processes and business logic for energy related tasks 


Figure 3. Perffect component diagram 


Each of the aforementioned sub-systems have the ability to communicate, operate, and exchange 
information and data in an efficient way with the PERFFECT cloud platform, which also operates as an 
intermediate system (middleware). Moreover, each of the above sub-systems may include other sub-systems 
and applications. Some of these applications are performed autonomously (such as the traffic simulation), 
while other applications or sub-systems are performed at the “request” (on demand) of another applications 
or even sub-systems, such as the dynamic rule alert engine. Therefore, the sub-systems are combined into a 
single system based on certain characteristics like the communication protocols and operation mode. 
Devices, systems, and sub-systems interact with each other through various interfaces and communication 
protocols through the PERFFECT middleware. The subsystems and PERFFECT applications communicate 
with each other through the following protocols: message queuing telemetry transport (MQTT), RESTful 
API (REST API), simple objects access protocol (SOAP API), and file transfer protocol (FTP) [22]. 

Overall, the PERFFECT system retrieves all the necessary data from the monitoring system (e.g., 
weather data, consumption data, traffic data, BERTH data). Subsequently, it estimates the emissions based on 
the retrieved data. Moreover, notifications are sent to the end-user based on the key performance indicators. 
Furthermore, energy consumption is forecasted and decisions are produced to manage the energy in a more 
efficient way. All retrieved, estimated, simulated, and forecasted data are visualized in the UI PERFFECT 
conceptual architecture as depicted in Figure 4. 
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3.3. Port’s operational processes 

In this section, the main port’s operations that are directly associated with other processes will be 
presented. The number of expected ships to depart influences the volume of vehicles and passengers that arrive 
to the port. The arrival rate of vehicles and passengers affects the traffic volume at the port gate. Finally, the 
traffic at the port gate influences the emissions produced by vehicles idling. PERFFECT platform processes 
both operation-related and energy-related data with environmental indicators to provide a detailed overview to 
port operators and guidance towards specified decisions. Ports have many Information and Communications 
technology (ICT) applications deployed to manage operational processes. The key objective of these systems 
is to enhance the efficiency of business processes through better management, security, and overall monitoring 
of the port situation. 

One of the most fundamental operational processes for freight and passenger support operational 
systems is the berth allocation/ planning system in the case of roll on and roll off passenger (Ro-Ro/Ro-Pax) 
systems that manage berthing processes. Berth process is one of the most feasible to be exploited, but in other 
ports, more business processes could be taken into consideration if needed. 


3.3.1. Berth management system 

The Berth allocation system is an integrated information system that supports the entire process of 
berth assignment. The assignment of berthing positions is accomplished through a visual diagram that presents 
the total space (port pier) related to time. This allows temporal and spatial planning of the berths based on the 
characteristics of the ship and the specifications set by the port. Furthermore, the system provides the ability 
to represent the berthing places along with the plan for berth allocation. In this way, the end-user (planner) can 
have an overview of the allocated berth together with the period that the berth will be occupied by a certain 
vessel. The system used for berth allocation (BERTH), was selected in the PERFFECT overall architecture to 
provide operational information from the port. BERTH is called under request in real time to get the number 
of expected vessels to arrive at the port, the specific quay the ship will anchor, and the time the ship departs. 


3.3.2. Traffic simulation 

Traffic monitoring and management are of primary importance as congestion leads to departure 
delays and air pollution. Traffic management increases the port’s operational efficiency, travellers’ 
satisfaction while improving the ecological footprint. Consequently, the expected traffic at the port’s gate is 
simulated to facilitate a better management of vehicle traffic during their arrival at the port. An insight in 
advance of the daily vehicle volume intends to lead the port administrator to take the necessary actions to 
manage traffic. Those actions could include operations like to open an additional gates. 

To simulate the traffic at the port gate a gradient boost algorithm was utilized [17]. In the model that 
was developed, multiple inputs are taken into consideration to classify traffic into three categories that 
represent the traffic volume. The predictor variables are hour (clustering 0, 1, 2 ) referring to ship departures, 
month (clustering 0, 1, 2 ) referring to traffic vehicles generate, public holidays (Boolean), weekends 
(Boolean), number of ships departing abroad (0, 1, .. . , k1) and total number of ships departing (0, 1,..., 
k2, where k2 k1). The independent variable, traffic density, is categorized in three states that can be 
illustrated as: 
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0, low traffic density 
y = 41, medium traffic density (1) 
2, high traffic density 


Low traffic (y=0) can be interpreted as almost no waiting time W=0 minutes for vehicles at the 
port gates. During medium volume traffic (y=1) the delay time is expected to surpass W=20 minutes. 
Finally, the waiting time during high traffic (y=2) exceeds W=45 minutes. The overall system of traffic 
simulation described above is as depicted in Figure 5. 
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Figure 5. Traffic simulation conceptual architecture [18] 


3.4. Ports’ energy 
3.4.1. Energy consumption 

Energy consumption forecasting is crucial for other processes like the renewable energy sources 
(RES) and demand-response strategies. During load forecasting, patterns from historical load data are explored 
to predict future demand [23], where the time range of the data that is fed to a forecasting model is 
decided through a trial and error procedure. There are two main methods (single-step and multi-step) for load 
forecast- ing, where the selection depends on the frequency of the available data, the scope of application, 
and the time horizon [23]. Within PERFFECT a multi-step load forecasting model is applied [24]. 


3.4.2. Energy power generation and modelling 

RES, and especially photovoltaics (PVs) and wind powers constitute the generated energy at a harbor. 
District optimization techniques rely upon decision making that depends on accurately generated energy sim- 
ulation. False underestimation or overestimation of the output energy could lead to operation costs, especially 
when pricing optimization is to be applied. With those mentioned, an accurate forecasting model has to be 
developed. However, the stochastic nature of the weather, that PV’s and wind powers are heavily dependent, 
makes forecasting a thorny task. Various forecasting techniques have been proposed that can be classified into 
two main categories, Univariate—direct techniques [25] and multivariate- indirect [26]. 

For data-driven approaches, when there are sufficient historical data, an appropriate-machine learning 
model can be deployed/build to forecast future generation. If the historical data contain only past generation 
data, the forecasting technique is considered univariate, while when weather and temporal variables are in- 
cluded, the technique is considered multivariate. Data driven techniques are predominantly used lately, but 
they require adequate historical data that can be missing due to various reasons (e.g newly installed energy 
resource system). 

For physical/analytical approaches, the entire renewable energy system is modelled with the configu- 
ration characteristics that is used during the installation process. Then by feeding the model with future weather 
variables retrieved by numerical weather prediction (NWP) models the future generation can be calculated as 
in [27]. PERFFECT exploits open-source libraries like PVlib and windpower lib that can simulate the installed 
energy systems and calculate power output while providing future weather data. 


3.5. Real-time indicators 

The main objective of real-time indicators is to inform the end-user about the current fundamental 
port conditions. These are depicted in the main PERFFECT port overview user interface (UI). In this section, 
processes that need further processing than described above are presented. 
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3.5.1. Vehicles emissions 
Running vehicle engines and idling an engine produce several pollutants. Therefore, the total emis- 
sions of vehicles (ET) from idling time (EI) and running time (ER) are calculated by: 


ET =EI+ER (2) 


For small distances the ER is negligible. As a result, a specific type of emission produced at the gate because 
of the waiting time is estimated by [28]: 


ETi,j = Eli,j = At x EFV Ii,j (3) 


Where EFV I is the emission factor kg/hr for Vehicles Idling and i refers to the vehicle type (like truck, car) 
and j refers to the type of the emission (like CO2, PM, NOx) and At is the idling time in hours. For the 
nitrogen oxide (NOx) and particulate matter (PM) the emission factor was retrieved by [29]. The CO2 
emissions for idling time were estimated as mentioned in [30]. Vehicle emissions are mainly produced during 
the idling of the vehicles at the port gate. As a result, vehicle queuing is formed because of the waiting time 
needed to pass through the port’s gates. Reducing this waiting time will result in the reduction of carbon 
dioxide (CO2), nitrogen oxide (NOx) and particulate matter (PM). The queue or waiting line refers to the 
phenomenon created when the current system’s demand fora service is greater than the current system’s 
service rate. Specifically, for the traffic congestion problem the system’s demand is the number of vehicles 
waiting in the queue to pass through the gates and the system’s service rate is the number of vehicles that 
pass through the gates. To estimate the number of vehicles that are in a queue, based on Little’s theory [31], 
the number of vehicles V n that stands in the queue is: 


Vn = AW (4) 


Where W is the average time a vehicle stands in the queue and å is the service rate. The vehicles in the queue 
may be served by a more than one gate, therefore it is a multi-service system as depicted in Figure 6. The 
numberof vehicles waiting to be served will be: 


Vn =w (5) 


Where Ng is the number of the open gates that may serve the travelers and s is the average time it takes for 
each vehicle to be served. 


Figure 6. Port gate the multi-service system for emission estimation 


The emissions of trucks are prominent due to the high emission factor they are characterized in con- 
trast to the other types of vehicles. Omitting the emissions of the rest types of vehicles does not lead to a 
noticeable divergence between the real emissions. However, a considerable number of cars enter the port, thus 
car emissions should be included. According to the aforementioned approach, the number of vehicles can be 
defined as: 


Vn = Vc +Vt+ Vr (6) 
Where V c, V t are the number of cars and trucks waiting to pass the port gate, respectively, while V r 
representsthe total vehicles of the rest vehicle types (e.g., motorcycle, bus, camber). To estimate cars and 


trucks as apercentage of the total vehicles (V n), a decision tree regression algorithm is used DTR. The 
percentage ofvehicles are forecasted monthly for every category. In essence, given a specific month as input 
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to the decisiontree model, a dual-output is retrieved (Pc, Pt), each output corresponding to a percentage of 
the total vehicles. 

Decision tree regressor (DTR) is a tree architecture where each node refers to an attribute, each 
branch is a rule, and each leaf node decision tree regressor refers to the final decision. To divide the leaves, 
DTR uses node impurity to create the split points calculating the sum of square errors Qm (M): 


Qm(M) = Dx ,ERmOt — ^m}? (7) 


Where, Rm =m=1,...,M, are the possible regions the data are divided, where M represents the number of 
months (total leaves), and c’m is the average output for all the input data xi that belong to the region m. 
Finally, given a specific month and the total number of vehicles (Vn) waiting at the gate, the DTR estimates 
the percentage of cars (Pc) and the percentage of trucks Pt. As a result, the number of trucks andcars 
idling are estimated as: 


Vc =PcxVn (8) 
Vt = Ptxvn (9) 


To calculate the emissions for both vehicle categories and each type of emission in (3) is used. Theexact time 
At for every vehicle cannot be estimated with accuracy as a result the average time W, a vehicle stands in the 
queue is used instead and (3) is modified as: 


ETi,j = Eli,j =W x EFV i,j (10) 


Considering that every vehicle is idling for W, in (1)0 is multiplied with V i to compute the total emissions 
produced. The emissions for trucks (c) and cars (t) are estimated: 


Elt,j =Vt x W x EFV It,j (11) 
Elc,j =Vc xW x EFV Ic, j (12) 


3.5.2. Lights emissions 
As it is defined by the technical directive TOTEE 20701-1/2017, article 5 of ‘KENAK’ [32], CO2 
emissions are produced due to the consumable electricity that can be calculated according to in (13): 


ECO, = PEC x EFe, CO, (13) 


Where EF..coz2 = 0.989 (kgCO2) is the CO2 emission factor of the primary energy consumption (PEC) in units 
of kWh of consumable electricity C in (kWh) : 


PEC = C x 2.9 (14) 


Because the lighting system is a main source of electricity consumption that can be easily controlled or 
dimmed it is examined separately. As a result, the above equation for lights L can be modified as: 


EL,CO, = PECL x EFe, CO, (15) 
Where EF; co2 = 0.989 (kg CO2/k Wh) [32]. 


3.6. Decisions and notifications 
3.6.1. District optimization 

Energy optimization is a fundamental procedure for building management systems, because when 
it is applied, it handles energy in an optimum manner to meet some optimization criteria [27]. Initially, an 
estimation of the energy balance is provided through the energy modelling process. A forecasting model is 
developed for each renewable source to simulate future generation as described above. Within this work, PV 
and wind energy sources are considered, but also others could be included. The forecasted generation such 
as the load demand are temporal dependent and are simulated for the same time period considering weather 
conditions which directly affect them. Moreover, the optimization criterion, the electricity price in the current 
work, is also feed-in-time series. Finally, decisions are made and the output y; is generated, encoded as [27]: 


A low-cost business-oriented seaport energy effective management platform (Asimina Dimara) 


72 o ISSN: 2252-8792 


0, RES 
_ 1, DSO 
VSU, SELL 1o 
3, ERROR 


In essence, the output consists of four possible options and/or notifications. After simulating the 
generated and load demand energy, decides if the produced energy is adequate to provide the district’s 
energy load demand, if it is more profitable to sell the produced energy depending on the current electricity 
price and if there is an error with the RES production. In all cases in which energy load demand is not 
covered by the produced energy, distribution system operator (DSO) provides the required energy. Decisions 
provided by the multilayer perceptron (MLP) are configurable based on the stakeholders needs. Moreover, 
the optimization parameters may be specified by the user. 


3.6.2. Suggested actions results 

Notifications are sent to the end-user with suggested actions based on the real-time indicators. The 
end user is notified about an action that results in traffic reduction and light dimming. If the end-user decides 
to follow the suggested actions emissions will be reduced and energy will be saved. In this section, the process 
followed to estimate the results of the suggested actions are presented. 

Reduction of vehicle emissions based on traffic simulation If the estimated emissions exceed a 
predefined configurable threshold, then PERFFECT notifies the port operator to open k new gates to reduce 
the emissions under the alert level. Opening new gates results in reducing the waiting time. The new waiting 
time W '< W can be calculated exploiting (5): 

Ng+k Ng 


w= xw (17) 


z Ng+k 


NI W = 
Ss 
As a result, the reduced emissions for a vehicle can be illustrated in (18) : 
EIRi,j = W' x EFV ii, j (18) 


Through the aforementioned approach, better traffic management is achieved while the benefits of 

implementing such a system are multiple such as: 

— Environmental benefits, such as (reduction of pollutants, reduction of the greenhouse effect). Specifically, 
less CO2, NOx and PM emissions (ERCO2,L) are produced. 

— Passengers’ satisfaction because of better management of the traffic volume at the port gate. 

Reduction of light emissions and energy consumption based on traffic simulation The lighting 
system is usually monitored and controlled by building management systems (BMS) or building operators. 
Lighting controlling is a multi-factorial procedure, where traffic should be considered a considerable factor 
when exam- ining ports because safety is a fundamental factor to be considered. Specifically, it serves no 
purpose to use lights during morning hours at ports. During no daylight (night) hours, low traffic is spotted 
through the trafficsimulation algorithm that implies limited or no ships at the docks, and thus a light dimming 
is suggested to theport operator via a notification system. 

A potential light dimming leads to the reduction of light consumption and reduction of light emission 
accordingly. The main concept of this use case is illustrated in Figure 7. Through the aforementioned 
approach, better energy management is achieved while the benefits of implementing such a system are 
multiple such as: 

— Energy savings that are accomplished by light dimming. The reduced light consumption is notated as 

— Environmental benefits, such as (reduction of pollutants, reduction of the greenhouse effect). Specifically, 
less CO? emissions (ERCO2,L) are produced. 

— Economic benefits, such as light dimming leads to reduced electricity bills. 


3.7. Key performance indicators 

Key performance indicators (KPIs) are the decisive factors towards an advance result. KPIs provide 
the basis for operations, strategy, and decision enhancement and improvement. Specifically, KPIs address the 
fundamental facts for evaluating selected actions towards development, recovery, revision, and growth. The 
main objective is to select indicators that can lead to achieve better outcome. An efficient port EMS includes 
KPIs that intend to optimize energy usage while mitigating emissions. The estimation of specific KPIs are 
presented in this section that either manage energy balance in a more efficient way or reduce emissions. The 
selected KPIs to present are those that were easy-to-deploy and low-cost. 
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3.7.1. Percentage of green energy 

This performance indicator evaluates the percentage of renewable energy (GEP%) (sunlight and 
wind), often referred as green or clean energy. A percentage of 100% GEP% indicates that all energy con- 
sumed is by natural resources. The percentage of green energy is estimated by: 


GEP% = zZ x 100 (19) 


Where GE is the total energy generated by renewable sources and EC is the total energy consumed by 
non-natural sources (e.g. electricity). 
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Figure 7. Light dimming and consumption estimation flow chart 


3.7.2. Percentage of savings of lights consumption 
This performance indicator evaluates the percentage of energy EP,% that is saved from light con- 
sumption due to light dimming as presented in sub-section 3.6.2. 


EL-ES, 
EL 


EP% = x 100 (20) 


Where Fz is the actual light consumption and the E'S, is the light consumption due to light dimming. 


3.7.3. Percentage of reduction of lights emissions 

This performance indicator evaluates the percentage of CO2 emissions ÆEPco2,L% that is saved 
fromlight consumption due to light dimming as presented in sub-section 3.6.2. 

EP02, % = 22E Rcozt x 100 (21) 

, Eco2,L 

Where EP.o2, is the actual light CO2 emissions and the EP,,2, is the light CO2 emissions due to light 
dimming. 
3.7.4. Percentage of reduction of vehicle emissions 

To reduce the emissions that are produced due to the vehicle idling, the number of vehicles must 
be reduced and/or the waiting time, as a result opening an additional gate will result in reducing the service 


rate therefore the waiting time hence the number of vehicles idling. This performance indicator evaluates the 
percentage of emissions EP; j% that is reduced from opening additional gates as presented in sub-section 3.6.2. 


EIP, .% = ZEU x 100 (22) 
3 El; j 
Where EJ; is the actual vehicle emissions and the EIR;;j is the emissions from opening additional gates. 


A low-cost business-oriented seaport energy effective management platform (Asimina Dimara) 


74 o ISSN: 2252-8792 


4. EXPERIMENTAL RESULTS 

Patra is a large city having one of the biggest ports of Greece. Patra’s port is a paramount channel that 
connects Greece with Italy and Western Europe while providing a commercial and transport point to Ionian 
islands, Greece mainland and the Adriatic Sea (Figure 8). Indicatively, during the year 2020, 600,000 
people, 340,000 vehicles and 8,400 containers travelled from and to the Patras Port [33]. Patra’s South Port is 
mainly used for abroad itineraries and consists of 5 dock stations (i.e. A,B,C,D,E) available both for side- 
mooring and mooring by stern. The southern port includes a passenger terminal station, an administration 
building, a substation building, a fire department building, and a gate building. 

The port of Patras has one permanent port facility also known as ISPS area that is situated in front of 
the quays. Patra is a roll-on/roll-off passenger (Ro/Pax) port. As a result, the entrance through the gate to the 
ISPS area is also a checkpoint for passengers and vehicles. Therefore, the gate checking process is a time- 
consuming procedure that directly affects the port’s traffic. 


Figure 8. Patras port location 


4.1. Port’s operational processes 
4.1.1. BERTH management system 

As mentioned, BERTH is a vessel monitoring system that provides real-time data concerning ships 
that are about to moor, to sail, or even anchored at the port’s quay. The data that are collected, are retrieved by 
relevant requests and then displayed and managed on the PERFFECT’s platform user interface (UI). 
Specifically, the main information that are presented to the platform user regarding the ship schedules and 
monitoring contain details about the vessels arrival/departure/anchor time. In Figure 9, an overall view of the 
daily vessel scheduling can be depicted, while more information about each vessel can be displayed in a more 
detailed and extensive view for every quay in the port as illustrated in Figure 10. 
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Figure 9. BERTH overview on PERFFECT UI Figure 10. BERTH at a specific quay on PERFFECT UI 


4.1.2. Lights scheduling 
The exterior lighting of the ISPS area is controlled by an installed BMS system. The operating time 
of the luminaries depends on the sunset and sunrise time that alters during the year. For all the pillars located in 
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the ISPS area an economy (energy saving) program is implemented after midnight. In the ISPS area there are 
a total of 26 lighting pillars bearing HQI 1000W (1kW) lamps. Specifically, the ISPS lighting system consists 
of 3 groups: 

— LI: 15 pillars x 8 luminaires with HQI 1000W lamps 

— L2: 5 pillars x 5 luminaires with HQI 1000W lamps 

— L3: 6 pillars x 5 luminaires with HQI 1000W lamps 

Every luminaire at each pillar operates from sunset till 23:59. Then, an economy (energy saving) program is 
implemented as follows: In L2 and L3, every luminaire turns off from 00:00 till sunrise. In L1, 2 luminaires 
are kept open for safety reasons till sunrise. After sunrise, all luminaires are turned off. 


4.2. Port’s energy 

The main electric consumption sources of port operations of the southern port of patras are buildings 
and external lighting system of the port (ISPS). Moreover, there is not any RES installation at the port that 
supplies energy to the system or to the grid. 


4.2.1. Energy consumption 

To estimate the energy consumed by the external lighting system of the port (ISPS area lights and 
street lights), the operational time schedule of the lights was considered. The street lights are not controlled 
and monitored by the port administrator and have a different time schedule from the ISPS lights. On the other 
hand, the ISPS lights can be controlled by the ports’ building management system (BMS). Therefore, only 
the ISPS lights are taken into consideration in this paper. The annual energy consumption for the operation of 
the external lighting system is as depicted in Table 2. 

According to the aforementioned time schedule of the ISPS lighting system, a power consumption 
diagram of ISPS lights through time can be depicted in Figure 11. The area of the diagram accounts for the 
total consumed energy derived from the ISPS lights at a specific day. The total energy consumed as well as 
the minimum and maximum power consumption can be observed in Figure 12. It should be mentioned that 
due to the lighting system steady demand behaviour, there is no need for a load forecasting algorithm for 
patras port. 


Table 2. Annual Port’s light consumption 


Area Annual primary energy consumption (kWh) 
ISPS 1,130,620 
Street lights 621,876 
Total 1,752,496 
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Figure 11. Energy consumption (ISPS lights) 


Figure 12. Minimum and maximum values of power, and total daily energy consumption (ISPS lights) 
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4.2.2. Energy power generation 

Research has been conducted at patras port to examine a potential transition towards energy sus- 
tainability and the installation of renewable energy sources. This action may have a beneficial influence on 
multiple factors such as considerable autonomy in terms of energy (save resources), potential energy contribu- 
tion to the distribution system, and also improvement of the environmental footprint, RES are non-polluting 
and non-depletable. Within PERFFECT, a potential installation of PV and wind power has been analytically 
explored. PV power generation Solar power has become one of the most popular technologies for electricity 
gener- ation worldwide. Greece, as a European member, has established the necessary legislation for PV 
systems’ installation. Indicatively, the most important Greek laws are: 

— Definition of the new support scheme for renewable energy sources (RES), power plants and high effi- 
ciency combined heat power (CHP) plants, Law (L.4414/2016) [34]. 

— PV installation on buildings, which defines that no construction permission is required for PV installation 
on buildings up to 100 kW, Law (L.4759/2020, article 52) [34]. 

— Ministerial decision under the No 15084382,2019, which define issues for connection to the grid, energy 
communities and net metering installation, Law (L.4513/2018) [35]. 

Therefore to decide the theoretical and experimental installation of PV for clean energy production 
in the port of Patras, all the Greek laws and several scenarios were examined. The scenarios include the: 
port’s location, meteorological data, port’s orientation, buildings’ construction, and port energy demand. As a 
result, it was decided that a typical PV installation of 2 50 kWp is more appropriate. Moreover, a type of poly 
crystalline solar module was selected with the electrical characteristics of 2550 Wp rated power and 16% 
efficiency. The installation of PVs as selected for the two buildings are as depicted in Table 3. 


Table 3. PV’s specification for a building at Patras port 
Installation of poly-Si PV panels Roof of the building ’Gate1’ 


Maximum power of PV panel 255Wp 

Optimum operating voltage (Vmp) 30.8V Total rated Power installed 

No of Panels 198 

No of inverters 2 

DC rated power 25.55kW 

Ac nomimal power 230V/400V 

No of strings 10, 5 to each inverter where they are connected 3 strings X 21 panels and 2 strings X 19 panels 
Max efficieny 98.3 


The results from the clean energy production of PVS as specified above are presented per hour, day, 
month and year on the perffect UI platform. A potential annual energy production was estimated to be 
143,000 kWh [36] and would result to a reduction in energy consumption from the grid equal to 23.66% [37] 
and a relative reduction of CO2 emissions. Solar power is directly connected to weather variables such as 
irradiance, cloud coverage, and tem- perature. Therefore, a diagram that relates irradiance and PV power 
generation is presented in Figure 13 while the total produced energy and power range is depicted in 
Figure 14. As it was expected lower solar irradiance values respond to reduced power generation from PV 
(Figure 15). The PV generation power does not exceed 28.4 kW in a less sunny day and the total produced 
energy have been reduced from 364 kWh to 240 kWh Figure 16. 


m PV Generation(kW) ™ Irradiance(W/m*2) 
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Figure 13. PV Power Generation estimation (19/04/2021) 
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Figure 14. Minimum and maximum values of power, and total daily PV produced energy (19/04/2021) 
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Figure 15. PV Power generation estimation (21/04/2021) 


Figure 16. Minimum and maximum values of power, and total daily PV produced energy (21/04/2021) 


Wind power generation In Greece, wind farm is also one of the most important sectors for clean 
energy production. The wind energy Statistics and the Hellenic scientific association of wind energy stated 
that the installation of wind turbines exceeded 4,000 MW during 2020 [38]. Greece, as a European member, 
has established the necessary legislation for the installation/connection to the grid/of wind turbines. 
Indicatively,the most important Greek laws are: 

— Laws (L3468/2006), published at the Official Government Gazette A’ 129/27-6-2006 [39], (L3851/2010) 
published at the Official Government Gazette A’ 85/4-6-2010 [40], (L3983/2011) published at the 
Official Government Gazette A’ 144/17-6-2011 [41 ]in the beginning of RES installation. 

— Law (L.4414/2016), as already mentioned above [34]. 

— Law (L4685/2020) that has been published at the Official Government Gazette A’92/7.5.2020. This 
Law defines the duration of the environmental licenses (EIA) for wind turbines’ installation and other 
issues [29]. 

— The Ministerial decision under the no 74462/2976/ 2020 that has been published at the Official Govern- 
ment Gazette B’ 3150/30-7-2020 and defines the licensing procedure for the installation and connection 
to the network of small wind turbines with an installed capacity of < 60 kW [30]. 

Various types of wind turbines were examined to find the most efficient for theoretical and 
experimental installation for clean energy production in the port of Patras. According to the legislation for 
ports andthe maximum rated power of the wind turbine that is allowed to be installed, a typical 60 kW wind 


turbine was selected for the experimental operation of PERFFECT platform. The technical characteristics of 
the windturbine are illustrated in Table 4. 
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Table 4. Wind farm specifications 


Installation of wind turbine Port of Patras 
Rated Power 60 kW 
Start wind power 2.5 m/s 
Type of axis horizontal 
Rated wind power 9 m/s 
Rotor diameter 22.3 m 
Swept area 390.4 m? 
Rated rotor speed 55 rpm 
Safety Mechanical pitch control Active yaw system 
Tower height 24 m 


Necessary area for the installation 30x30 m 


The results from the clean energy production of wind power as specified above are presented per hour/ 
day/month/year on the PERFFECT UI platform. The wind power generation is simulated, as mentioned, 
through a physical model that takes as inputs future weather variables. Two different days have been selected 
to be presented in this paper. It should be noted that wind power is considered highly intermittent and its 
electrical output depends on many factors, such as wind speed, air density, and turbine characteristics. 

Thus, a diagram of wind power’s power related to the wind speed is depicted in Figure 17 in order 
to visualize the effect of wind speed to the produced power. As it can be noticed, the low wind speed values 
that are observed are insufficient to produce high power generation values, while the total daily energy 
produced hardly surpasses 10 kWh (Figure 18). In contrast, in a windier day where the wind speed varies 
between 7-8 m/s at some hours, the power generation reaches almost 50 kW (Figure 19) and the daily 
forecasted produced Energy 293 kWh (Figure 20). It can be easily noticed that for higher speed values that 
8 m/s the power generation is 0 kW. That is due to the fact that wind turbines stop when the maximum wind 
speed is being exceeded and it is unsafe to continue. Therefore, automated braking systems are triggered to 
prevent undue stress on the motor and damage to the turbine. 
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Figure 17. Wind power generation estimation (19/04/2021) 


Figure 18. Windpower power range, and total daily produced energy from windpower (19/04/2021) 
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Figure 19. Wind power generation (21/04/2021) 


Figure 20. Wind power power range, and total daily produced energy from wind power (21/04/2021) 


4.3. Real time indicators 
4.3.1. Vehicles emissions 

To improve the accuracy of emission estimation results, all vehicles were separated into categories 
according to their EURO emissions class [42]. Considering that the port is mostly used by vehicles from all 
over Europe, data for the EU fleet were used instead of national ones [42]. Within this paper only the trucks 
and the cars are taken into consideration since in Patras’ port the number of vehicles of other categories 
are negligible. Finally, all emission factors used for a number of trucks (VT) and a number of cars (VC) 
are as depicted in Table 5. The number of vehicles is determined based on the procedure described in 
sub-section 3.5.1. in as depicted in Figure 21. 


Table 5. Emission factors per vehicle type 
Type Emission Type _ Emission factor (g/hr) Equation 


Carbon dioxide 7200 VTX7200x W 
Trucks NitrogenOxide 101 VTX101XW 
Particulate matter 1.7 VTX1.7xW 
Carbon dioxide 1734.4 VCX1743.3xW 
Cars Nitrogen Oxide 0.2 VCx0.2xW 
Particulate matter 0 VCx0xW 
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Figure 21. Cars and trucks percentage per month 
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To simulate the traffic at port gates in order to estimate the vehicle emissions the traffic simulation 
algorithm was used as explained in section 3.3.2. The implemented algorithm output y is the level of traffic 
density that appears at the gate, and is categorized to three states low y=0, medium y=1 and high y=2. 
When y=0, zero delay is detected at the gates and thus zero emissions derive from the vehicles. When 
y=1 or y=2 the average idling time for vehicles W is assumed 20 and 45 minutes respectively. Thus, the 
emissionsof cars and trucks can be calculated using in (11). 

As it can be observed in Figures 22-24, a constant traffic density is detected at the traffic gates 
during lunch hours that result in C02, NOx and PM vehicle emissions. It can be easily noticed that cars’ 
emissions and especially C02 and PM emissions are insignificant compared to the truck emissions based on 
Table 5 indicating very small emission factors to cars. 
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Figure 22. CO2 emissions (19/04/2021) 
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Figure 24. PM emissions (19/04/2021) 
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4.3.2. Lights emissions 

The released CO2 emissions to the atmosphere were estimated according to the Greek legislation, 
only from electricity consumption, as it is defined in the technical directive TOTEE 20701-1/ 2017, article 5 
of ‘KENAR’ [32]. The annual CO2 emissions due to the use of external lighting system, are estimated equal 
to 1.733 tn CO2. Table 6 shows the emissions separately for ISPS area and the rest area of South port. It may 
be observed that ISPS lighting system is responsible for the 65% of total CO2 emissions. 

As mentioned, based on the estimation of the energy consumed for the ISPS lighting at port, the CO2 
emission corresponding to this consumption was calculated according to the in (15). In Figure 25 the rate of 
CO: emissions for a selected day can be observed, while the total CO2 emissions were calculated 
approximately 2694 kg. 


Table 6. Annual light CO2 emissions 


Place Emissions of CO2 (kg) 
ISPS 1,118,183 
Street lights 615,035 
Total 1,733,219 
m Actual C02 
600 
500 Total C02 Emissions 
400 VAN 
E CO: 
"ep 300 Nee 
~œ 
200 2694 kg 
100 Actual Co2 
Lights Emissions 
8 ME eg ee ns i : 19/04/2021 - 19/04/2021 
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EE RER AL a E E a E e E E CRO S E 


Figure 25. Light ISPS emissions 


4.4. Decisions and notifications 

This subsection elaborates decisions and notifications that came up from the conducted experiments 
at Patras Port. Specifically, decisions have been taken about how to manage the produced energy depending on 
an optimizing criterion. Push notifications were used to inform the user of PERFFECT’S platform about some 
critical issues such as potential traffic congestion at ports. 


4.4.1. District optimization 

Energy optimization is an essential procedure for high load demand systems and when it is 
applicable, it can handle energy in an optimum manner while corresponding an optimization criterion and 
electricity price was selected in this current work. Thus, exploiting an optimization algorithm the optimum 
utilization of the produced energy can be ensured at the port. Moreover, potential flaws or defects or damages 
to the RES systems could be identified if the forecasted power highly deviates from the ground truth values 
of power. Simulation and notifications to present an example of the simulation of the port’s energy 
modelling and the decision made to optimize the energy balance, a typical day was selected. The consuming 
as well as the generation power of the RES is simulated and the energy for the next thirty minutes is 
calculated. According to the simulated results and the electricity price, the algorithm proposes the appropriate 
decision and informs the platform’s users accordingly via notifications. As it may be noticed in Figure 26, 
during night and very early hours where there is an absence of PV production, RES power generation is 
insufficient to cover the ports’ load demand (lights). Therefore, the algorithm’s decision to cover the load 
requirements from the DSO was accurately produced. 

During the morning and midday hours, where the lights are turned off according to the time schedule 
they conform to, the decision was also accurate and the produced energy was sold to the DSO. To optimize 
this decision based on the electricity price, a threshold was set equal to the average last ten days price of the 
electricity. Specifically, when the electricity price exceeds the pre-defined price threshold, the RES poweris 
sold. 


A low-cost business-oriented seaport energy effective management platform (Asimina Dimara) 


82 m) ISSN: 2252-8792 


30 minutes Decision 


=m RES =m LOADDEMAND —— DECISION 


100 3 ERROR 


2 “SELL 


kWh 


1 DSO 


RES 


Figure 26. Simulation based decision support 


4.4.2. Notifications 

As mentioned above, PERFFECT’s platform notifies the users via pop-up notifications and proposes 
potential actions based on real-time indicators that facilitate the proper functioning of ports’ processes. End- 
user notifications the end-user accepts reports in the form of push notifications about actions in terms of 
traffic reduction and light dimming. The end-user taking into consideration the notifications can decide 
whether to follow the proposed actions. In case of approval of the suggested actions, emissions will be reduced 
and energy will be saved. 

Particularly, if no or low traffic is detected at traffic gates through the simulation, traffic algorithm, 
that is interpreted as little traffic inside the port and a notification to dim the lights by enabling an economy 
light program, is suggested to the user (Figure 27). When, medium traffic congestion is occurred, the user is 
suggested to open a new gate to reduce the waiting time of the vehicles at the port and consequently the vehicle 
emissions. In case of extreme traffic congestion, notifications inform truck drivers that are about to arrive to 
the port about the traffic congestion. These proposed notifications can be illustrated in Figure 27. 


Gates Traffic 
Point of interest Traffic Level Perffect's platform Notifications Timestamp 
n 20/04/2021 
Gates traffic k Light dimming at ISPS area is suggested. 8:30 PM 
Gates traffic ká r It is suggested you open a new gate. yr at 
de te It is suggested you open a new gate 20/04/2021 
Gates traffic Please infrom truck drivers for traffic congestion. 3:00 PM 


Figure 27. Proposed actions to the platform’s user 


Reduction of vehicle emissions based on traffic simulation when medium or high traffic is detected 
or the estimated emissions exceed a predefined configurable threshold, then PERFFECT notifies the port 
operator toopen k new gates to reduce the emissions the alert level. The potential reductions of performing 
this actionand opening new gates for all emissions can be observed in Figures 28-30. 

Reduction of energy consumption and light emissions based on traffic simulation If low traffic is 
spotted through the traffic simulation algorithm that implies limited or no ships at the docks, a light dimming 
is suggested to the platform’s user via notifications. A potential light dimming leads to the reduction of light 
consumption and reduction of light emission accordingly because light CO2 emissions are proportional to the 
light consumption. When the economy program is enabled then lights consume 30 kW instead of 175 kW and 
consequently the CO2 emissions produced by lights are reduced from 175 0.989 2.9 = 501.9 kg/h to 30 0.989 
2.9 = 86 kg/h. The reduction of CO2 emissions at a specific day can be illustrated in Figure 31. The reduction 
in light consumption is omitted due to identical/proportional behavior. 


4.5. Key performance indicators 

Selected KPIs are presented in the platform to inform the end-user and the stakeholders of the current 
port’s performance. In Figure 32, it may be observed that the percentage of green energy in 19/04/2021 at 
22:00 is 0.2%. Moreover, the percentage of savings of light consumption and CO2 emissions, due to the 
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absence of traffic, is approximately 82.82%. This reduction is the result of enabling the economy light program. 
Furthermore, in Figure 32, the reduction of vehicle emissions is up to 33.33% due to traffic volume 
reduction. This reduction is the result of in (17) by opening an additional gate. It should be noted that the 
presented KPIs may be enhanced upon current demand. 


Vehicles (Actual Co2) Vehicles (Reduced Co2) 


s 
[1] 
x 
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Figure 28. Reduction of CO2 emissions produced by vehicles 
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Figure 29. Reduction of NOx emissions produced by vehicles 
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Figure 30. Reduction of PM emissions produced by vehicles 
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Figure 31. Reduction of CO2 emissions produced by lights 
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Figure 32. Selected KPIs night 


4.6. Comparison of latest port energy management technologies to PERFFECT 

To summarize, an assessment of the PERFFECT experimental results along with the 
aforementioned technologies in Introduction (section 1) is presented in Table 7. It may be observed that 
there exist technologies that result in substantial energy savings and emissions reduction like RES and TSES. 
Nevertheless, PERFFECT may provide efficient energy management and decarbonization with the minimum 
cost and the immediate future return on investment (ROTI). 


Table 7. Comparison of port energy management technologies 


Method Energy Savings Reduction of emissions Initial cost ($) Return on investment (ROD 
PERFFECT up to 82.82% 33% 1000 (server, database) <1 year 

RES up to 100% up to 40% 10.000 per square >10 year 

TSES 0% 100% 75000 >3 year 

Cold Ironing 0% 100% 1.5 million >10 year 


5. DISCUSSION 

European ports are connected to 848 ports in east and 629 in America, as a result a 74% of the 
European trade is accomplished through maritime transport. Energy port management and efficiency is ofkey 
importance not only because of the existing policies and regulations, but also for other factors. To begin with, 
energy management will increase the port’s overall performance by regulating port processes. Moreover, 
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energy reduction will also lead to cost savings. Last, but not least, energy management results in the ports 
environmental impact. 

PERFFECT research at the Port of Patras indicates that there is the potential to mitigate the energy 
and climate with a low-cost budget. PERFFECT can be deployed on almost any Greek port as the port 
legislation, and restrictions the platform was developed are the same in all Greek ports. Specifically, all 
information and legislation retrieved about the RES and PVS installation, emission estimation, emissions’ 
threshold, and the main business process may be applied to all ports. Minor changes will have to be applied 
for traffic simulation as the vehicle and passengers’ arrival rate at every port is different. On the other hand, 
the methodology and algorithms for traffic simulation can be applied without any severe modifications. 
Nevertheless, an investigation into the ports operational processes could result in new features if required or 
on stakeholders demand. 

Moreover, PERFFECT could be deployed to any port worldwide following the same methodology. 
Initially, port legislation and restrictions will be gathered and analyzed to build a new port specification process 
applied to the respective port. Furthermore, an overview of the new port’s business processes must be studied 
and evaluated to inspect all energy related processes. Afterwards, the emission factors based on the port’s 
country must be estimated. Finally, the rate of the traffic must be retrieved and applied to the traffic simulation 
algorithm. 

In addition, PERFFECT provides interoperability as it supports many communication protocols as 
stated in the previous section, as a result it is possible to access many other subsystems. Specifically, all data 
from heterogeneous sources can be pushed to the platform and be monitored, processed and visualized at the 
GUL. In particular, if there exists a real RES system the power generation will be measured by the appropriate 
meters and the data streams will be pushed to the platform instead of simulating the RES the system. Moreover, 
various other renewable sources apart from PVS and wind power may be added to the system like wave energy 
converters that will just increase the total generation power. 


6. CONCLUSIONS 

PERFFECT is a novel platform deployed to reduce port energy consumption and mitigate emissions 
through intelligent algorithms and a notification and visualization system. The system offers an overview of 
the current port situation, including but not limited to, ship arrivals and anchoring, traffic volume at the port’s 
gate, vehicle emissions, and energy balance while facilitating the stakeholders and the platform-user to take 
specific actions. Moreover, detailed historical and daily port information is implemented through a dashboard 
navigation module providing further port awareness. 

The first step towards port perception is the understanding of the main business and operational port 
processes and their association to procedures that may be monitored and/or controlled. Within this paper, 
4 main factors have been studied to affect the overall port’s functionality and are ships, vehicles, energy, and 
lights. All these parameters were thoroughly examined and directly related to 6 main port factors that are: port’s 
operational processes, port’s energy, port’s specifications, real time indicators, decisions and notifications and 
key performance indicators. Each of them is identified with a specific application that is involved with 
energyand/or direct or indirect emissions production. 

Furthermore, the main operational processes for freight and passenger support operational systems 
were evaluated and the most important amongst them was selected. A berth allocation and/or planning System 
in the case of Ro-Ro and Ro-Pax was selected to be deployed as a fundamental system. The volume of vehicles 
that arrive at a port gate depends on the BERTH system. Moreover, the more the number of vehicles, the more 
the vehicle emissions. As a result, the traffic simulation module is BERTH-depended. Moreover, the energy 
balance of the port is monitored and/or simulated. The energy is divided in energy consumed and energy 
produced by RES. Considering the produced energy and the current load demand,an intelligent decision tool is 
applied to determine the optimal energy exploitation. The decision is made based on a configurable 
optimization criterion. The suggested method was efficient during the experimental phase. 

In addition, notifications are sent to the end-user to inform him/her of the current port’s overview. 
Moreover, recommendations are produced to motivate the end-user to take actions in a more energy efficient 
and environmental way. Furthermore, pop-up messages are generated to alert the user to adhere circumstances 
like high volume traffic at the port gate. Finally, PERFFECT was evaluated against real-time BERTH data, 
environmental data, and energy data. All modules operated uninterruptedly and accurately. Furthermore, the 
results of the suggested actions were estimated. Enabling the economy light program leads to 82.82% energy 
reduction during the night, as aresult it is beneficial both for the port’s operational costs and environmental 
footprint. Moreover, the opening of an additional gate to regulate traffic levels results in 33.33% vehicle 
emissions. 

To sum up PERFFECT is a data-driven platform that can handle all types of data. Various port pro- 
cesses may be appended to the system upon research on their energy consumption and emissions. Moreover, 
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based on the flexibility of the platform’s interconnection the existing port BEMS, or EMS may be connected 
to the platform with many ways. The existing systems could be also visualized to the PERFFECT platform, 
and device controls could be pushed directly by the platform. 

Future work will be focused on further tests to increase the total efficiency of the suggested 
PERFFECT platform. The proposed system could be enhanced with more port processes to increase the 
efficiency. More tests can be made for the suggested tools to ensure the interoperability and safety of the 
system. Finally,the proposed action to manage the traffic is based on opening an additional gate that is not the 
case for all ports.As a result, another parameter should also be examined. 


ACKNOWLEDGEMENT 

This work is partially supported by the PERFFECT project co-financed by the European Regional 
Development Fund of the European Union and Greek national funds through the Operational Program Com- 
petitiveness, Entrepreneurship and Innovation, under the call RESEARCH — CREATE — INNOVATE (project 
code: T1EDK-03368) 


REFERENCES 

[1] L. Ossowska and D. Janiszewska, “Toward sustainable energy consumption in the European Union,” Polityka Energ. — Energy 
Policy J., vol. 23, no. 1, pp. 37-48, Mar. 2020, doi: 10.33223/epj/119371. 

[2] E. Commission, “Communication from the commission to the european parliament, the european council, the council, the 
european economic and social committee, the committee of the regions and the european investment bank: A clean planet for 
all—a european strategic long-te,” Eur. Comm. Brussels, Belgium, pp. 1-12, 2018. 

[B] N. Mat, J. Cerceau, L. Shi, H.-S. Park, G. Junqua, and M. Lopez-Ferber, “Socio-ecological transitions toward low-carbon port 
cities: trends, changes and adaptation processes in Asia and Europe,” J. Clean. Prod., vol. 114, pp. 362-375, Feb. 2016, doi: 
10.1016/j.jclepro.2015.04.058. 

[4] E. Sdoukopoulos, M. Boile, A. Tromaras, and N. Anastasiadis, “Energy Efficiency in European Ports: State-Of-Practice and 
Insights on the Way Forward,” Sustainability, vol. 11, no. 18, pp. 1-25, Sep. 2019, doi: 10.3390/su1 1184952. 

[5] B. Jovanović and J. Filipović, “ISO 50001 standard-based energy management maturity model - Proposal and validation in 
industry,” J. Clean. Prod., vol. 112, pp. 2744-2755, 2016, doi: 10.1016/j.jclepro.2015.10.023. 

[6] R. Baumler et al., “Train-the-Trainer Course on Energy Efficient Operation of Ships,” Am. J. Clim. Chang., vol. 03, no. 04, pp. 
404—412, 2014, doi: 10.4236/ajcc.2014.34035. 

[7] M. Shahandashti, B. Abediniangerabi, B. Pudasaini, and S. L. McCauley, “Examining Incentives to Increase the Use of the Truck 
Stop Electrification Service at Overnight Truck Parking Stations,’ in International Conference on Transportation and 
Development 2020, Aug. 2020, pp. 15-25, doi: 10.1061/9780784483 138.002. 

[8] V. Paulauskas, L. Filina-Dawidowicz, and D. Paulauskas, “The Method to Decrease Emissions from Ships in Port Areas,” 
Sustainability, vol. 12, no. 11, pp. 1-15, May 2020, doi: 10.3390/su12114374. 

[9] N. Vahabzad, B. Mohammadi-Ivatloo, and A. Anvari-Moghaddam, “Optimal energy scheduling of a solar-based hybrid ship 
considering cold-ironing facilities,” JET Renew. Power Gener., vol. 15, no. 3, pp. 532-547, Feb. 2021, doi: 10.1049/rpg2.12015. 

[10] J. Armstrong and S. Kamieniecki, “Strategic Adaptive Governance and Climate Change: Policymaking during Extreme Political 
Upheaval,” Sustainability, vol. 9, no. 7, p. 1244, Jul. 2017, doi: 10.3390/su907 1244. 

[11] T. Spengler and B. Tovar, “Potential of cold-ironing for the reduction of externalities from in-port shipping emissions: The state- 
owned Spanish port system case,” J. Environ. Manage., vol. 279, p. 111807, Feb. 2021, doi: 10.1016/j.jenvman.2020.111807. 

[12] R. Tang, X. Li, and J. Lai, “A novel optimal energy-management strategy for a maritime hybrid energy system based on large- 
scale global optimization,” Appl. Energy, vol. 228, pp. 254-264, Oct. 2018, doi: 10.1016/j.apenergy.2018.06.092. 

[13] A. Martinez-Lépez, A. Romero-Filgueira, and M. Chica, “Specific environmental charges to boost Cold Ironing use in the 
European Short Sea Shipping,” Transp. Res. Part D Transp. Environ., vol. 94, pp. 1-14, May 2021, doi: 
10.1016/j.trd.2021.102775. 

[14] Ç. Iris and J. S. L. Lam, “A review of energy efficiency in ports: Operational strategies, technologies and energy management 
systems,” Renew. Sustain. Energy Rev., vol. 112, pp. 170-182, Sep. 2019, doi: 10.1016/j.rser.2019.04.069. 

[15] A. Dimara et al., “Fusing Birch with G. Boosting for improving temporal traffic congestion tailored to port gates: Case Study in 
Patras, Greece,” in 2020 IEEE 17th International Conference on Smart Communities: Improving Quality of Life Using ICT, loT 
and AI (HONET), Dec. 2020, pp. 1-5, doi: 10.1109/HONET50430.2020.9322662. 

[16] R. Bergqvist and J. Monios, “Green Ports in Theory and Practice,” in Green Ports, Elsevier, 2019, pp. 1-17. 

[17] Ç. Iris and J. S. L. Lam, “Optimal energy management and operations planning in seaports with smart grid while harnessing 
renewable energy under uncertainty,’ Omega (United Kingdom), vol. 103, pp. 1-15, Sep. 2021, doi: 
10.1016/j.omega.2021.102445. 

[18] A. Molavi, G. J. Lim, and B. Race, “A framework for building a smart port and smart port index,” Int. J. Sustain. Transp., vol. 14, 
no. 9, pp. 686-700, Jul. 2020, doi: 10.1080/15568318.2019.1610919. 

[19] K. Y. Bjerkan and H. Seter, “Reviewing tools and technologies for sustainable ports: Does research enable decision making in 
ports?,” Transp. Res. Part D Transp. Environ., vol. 72, pp. 243—260, Jul. 2019, doi: 10.1016/j.trd.2019.05.003. 

[20] V. Gazis et al., “A survey of technologies for the internet of things,” in 20/5 International Wireless Communications and Mobile 
Computing Conference (IWCMC), Aug. 2015, pp. 1090-1095, doi: 10.1109/IWCMC.2015.7289234. 

[21] S. Masum, Y. Liu, and J. Chiverton, “Multi-step Time Series Forecasting of Electric Load Using Machine Learning Models,” 
2018, pp. 148-159. 

[22] P. Xue, Y. Jiang, Z. Zhou, X. Chen, X. Fang, and J. Liu, “Multi-step ahead forecasting of heat load in district heating systems 
using machine learning algorithms,” Energy, vol. 188, pp. 1-15, Dec. 2019, doi: 10.1016/j.energy.2019.116085. 

[23] S. Mujeeb, T. A. Alghamdi, S. Ullah, A. Fatima, N. Javaid, and T. Saba, “Exploiting Deep Learning for Wind Power Forecasting 
Based on Big Data Analytics,” Appl. Sci., vol. 9, no. 20, pp. 1-18, Oct. 2019, doi: 10.3390/app9204417. 


Int J Appl Power Eng, Vol. 11, No. 1, March 2022: 62-90 


Int J App] Power Eng ISSN: 2252-8792 Oo 87 


[24] Shivani, K. S. Sandhu, and A. Ramachandran Nair, “A Comparative Study of ARIMA and RNN for Short Term Wind Speed 
Forecasting,” in 2019 10th International Conference on Computing, Communication and Networking Technologies (ICCCNT), 
Jul. 2019, pp. 1-7, doi: 10.1109/ICCCNT45670.2019.8944466. 

[25] A. Dimara et al., “District Energy Optimization Based on MLP Simulation,” in 20217 IEEE llth Annual Computing and 
Communication Workshop and Conference (CCWC), Jan. 2021, pp. 238-244, doi: 10.1109/CCWC51732.2021.9375990. 

[26] S. Guttikunda, “Four Simple Equations for Vehicular Emissions Inventory,” SIM-air Work. Pap. Ser. 2, pp. 1-13, 2008. 

[27] LSE, “Law 4685/2020 on the reform of the environmental legislation and the renewable energy sources licensing process,” 
Climate Change Laws of the World. 2020. 

[28] K. Huhta, “The ’Fit for 55’-package in the Context of EU Energy Law and Policy,” Oil, Gas Energy Law, vol. 20, no. 1, 2022. 

[29] J. D.C. Little and S. C. Graves, “Little’s Law,” 2008, pp. 81—100. 

[30] K. C. Nikolaos, “Energy Analysis of different energy types of Buildings towards Environmentally Friendly Solutions,” 
International Hellenic University, 2021. 

[31] OLPA, “Patras port authority.” 2021, [Online]. Available: https://www.patrasport.gr/start. 

[32] C. Thouez, “New power configurations: City mobilization and policy change,” Glob. Networks, Jan. 2022, doi: 
10.1111/glob.12357. 

[33] Photovaltoic Associations Hellenic of Companies, “Greek PV Market statistics - 2020,” pp. 1-2, 2020, [Online]. Available: 
https://helapco. gr/pdf/pv-stats_greece_2020_18May2021_eng.pdf. 

[34] E. Tzannatos, “Ship emissions and their externalities for the port of Piraeus — Greece,” Atmos. Environ., vol. 44, no. 3, pp. 400- 
407, Jan. 2010, doi: 10.1016/j.atmosenv.2009. 10.024. 

[35] C. Whall, D. Cooper, K. Archer, L. Twigger, N. Thurston, D. Ockwell, A. McIntyre and A. Ritchie, “Quantification of emissions 
from ships associated with ship movements between ports in the european community,” 2002. 

[36] T. Muneer, E. Jadraque Gago, and S. Etxebarria Berrizbeitia, “Wind Energy and Solar PV Developments in the EU,” 2022, pp. 
139-177. 

[37] I. Bashmakov, “Three laws of energy transitions,” Energy Policy, vol. 35, no. 7, pp. 3583-3594, Jul. 2007, doi: 
10.1016/j.enpol.2006. 12.023. 

[38] etal. B. Richard, “Renewable Energy Policy Network for the 21st Century,” Renew. Glob. Status Rep., 2009. 

[39] N. Tynkkynen, “The Baltic Sea environment and the European Union: Analysis of governance barriers,” Mar. Policy, vol. 81, pp. 
124-131, Jul. 2017, doi: 10.1016/j.marpol.2017.01.027. 

[40] J. Tzabiras, A. Loukas, and L. Vasiliades, “A hybrid downscaling approach for the estimation of climate change effects on 
droughts using a geo-information tool. Case study: Thessaly, Central Greece,” Open Geosci., vol. 8, no. 1, pp. 728-746, Jan. 
2016, doi: 10.1515/geo-2016-0069. 

[41] B. Alves, “Monthly average electricity baseload price in the day-ahead market (DAM) in Greece from January 2020 to December 
2021,” Energy Environ., 2022, [Online]. Available: https://www.statista.com/statistics/1215877/dam-electricity-baseload-price- 
greece/. 

[42] B. Lépez-Bermtidez, M. J. Freire-Seoane, and E. Lesta-Casal, “Core and comprehensive ports: The new challenge for the 
development of the Spanish port system,” Transp. Res. Interdiscip. Perspect., vol. 8, 2020, doi: 10.1016/j.trip.2020.100243. 

BIOGRAPHIES OF AUTHORS 


Asimina Dimara Ô Ef P is a research assistant in CERTH/ ITI. She received her diploma 
in Informatics from Hellenic Open University (HOU) on July 2017. She is now (2021) 
attending her MSc by research in “Intelligent Computer Systems” in the Aegean University. 
Her main research interests include energy awareness, energy management, data analysis and 
analytics, machine learning, artificial and computational intelligence, neural networks, and 
time- series prediction. She has authored or co-authored four (4) papers in international 
scientific peer review journals and more than fifteen (15) papers in international and national 
conferences. She has also been involved in four (4) researchprojects funded by the EC and the 
Greek secretariat of Research and Technology. She can be contacted at email: adimara@iti.gr. 


Dimitrios Triantafyllidis Or P received his engineering degree from the department of 
electrical engineering and computer engineering of the Aristotle University, in November 
2019. He is currently attending an MSc in Computational Intelligence at the same university. 
Since September 2020, he has been working as a research assistant at the Information 
Technologies Institute (ITT) of the Centrefor Research and Technology-Hellas (CERTH). His 
research interests include artificial and computational intelligence, machine learning, neural 
networks, and time series prediction. He has authored or co-authored three (3) papers in 
international and national conferences. He is currently involved intwo (2) research projects 
funded by the EC and the Greek secretariat of Research and Technology. He can be contacted 
at email: triantafd @iti.gr. 


A low-cost business-oriented seaport energy effective management platform (Asimina Dimara) 


ISSN: 2252-8792 


Stelios Krinidis © EJ P. is a postdoctoral research associate in CERTH/ITI. He received 
the Diploma degree and the Ph.D. degree in Computer Science from the Computer Science 
Department of the Aristotle University of Thessaloniki (AUTh), Thessaloniki, Greece, in 1999 
and 2004 respectively. He has also served as an adjunct lecturer at the Aristotle University of 
Thessaloniki, the Democritus University of Thrace, and at the Technological Institute of 
Kavala during the period 2005-2012. His main research interests include computational 
intelligence, computer vision, pattern recognition, artificial intelligence, machine learning, 
signal processing and analysis, 2D and 3D image processing and analysis, data and visual 
analytics, etc. He has authored thirty-nine (39) papers in international scientific peer review 
journals and more than seventy (70) papers in international and national conferences. He has 
also been involved in more than twenty (20) research projects funded by the EC and the Greek 
secretariat of Research and Technology. He can be contacted at email: krinidis @iti.gr. 


Nikos Ntaras © EJ P) is a Chemical Engineer, holding a Master’s degree on Engineering 
Business Management from Warwick University. He has wide professional experience in the 
chemicals’ industry (coatings, resin polymerization, steel industry) in Research and 
Development along with Quality and Environment Assurance Management. He works for 
CRES since 2008 with specialization in Green Ports, Urban Mobility Management, Eco 
driving, Multimodality, Car-Sharing, Circular Economy, Green Logistics, Smart Cities, Clean 
Energy Transition and Ecolabelling. He can be contacted at email: ntaras@cres.gr. 


Olga Koutsogianni © E P graduated from the Department of Energy Technology 
Engineering of Technological Educational Institution of Athens (GREECE) in 1990. In 
October of 2019 she completed the Master degree in Energy Systems (Field of specialization: 
Energy Systems Design), provided by Heriot Watt University (United Kingdom), Department 
of Engineering and Physical Sciences in collaboration with University of West Attica, 
Department of Mechanical Engineering (Greece). She has over twenty years of experience as a 
mechanical engineer and is currently employed as a researcher for Center for Renewable 
Energy Sources and Saving (CRES). She is an energy expert and her activities include 
managing, realization and monitoring of European and national projects on energy efficiency, 
sustainable transport/mobility and electro mobility. She can be contacted at email: 
koutsogianni @cres.gr. 


George Tsoukos © ki P holds a Diploma on Electrical Engineering and Computer 
Science from the National Technical University of Athens (NTUA) and a Joint MBA from 
NTUA, the University of Athens and the University of Pireaus. Mr. Tsoukos has more than 20 
years of experience in the telecommunication and software engineering sector, where he has 
designed and developed large- scale applications using state-of-the-art technologies and 
modelling techniques. He has been quite actively involved in several EU funded projects 
regarding ICT for logistics and the e-freight suchas E-FREIGHT, SMART-CM, OPTIMUM, 
LOGIMATIC, AEOLIX, FENIX etc. He has also been quite actively involved in the 
deployment of Intelligent Transport Systems as well as in the design ofspecific applications for 
effective port operations including Terminal Operating and Port Communitysystems for various 
ports in Greece (Port of Thessaloniki, Port of Patras, Port of Igoumenitsa). Since2017, he is the 
Head of the New Technologies and Innovation Department in TREDIT S.A. He can be 
contacted at email: g.tsoukos @tredit.gr. 


Athanasios Giannopoulos Or P is an Information Systems (IS) consultant and analyst 
with special focus on Intelligent Transport Systems applications. He studied Information 
Technology and business systems integration at Brunel University, London, where he obtained 
the BSc and MSc degrees. During his graduate studies at Brunel, he followed a special course 
on SAP and was certified as a SAP ERP 6.0 EHP5 user (Certificate ID: 0008566810). He then 
pursued PhD research at the Athens University of Economics and Business (AUEB), 
Department of Management Sciences and Technology. He submitted his PhD Thesis titled 
“Exploitation of IT research results and the creation of innovation in the context of 
collaborative Transport R&D projects” and obtained his PhD degree in 2019. He is currently a 
board member and principal IS analyst at Transeuropean Consultants for Transport, 
Development and Information Technology S.A. (TREDIT SA) in Athens, Greece. He can be 
contacted at email: tgiannopoulos @tredit.gr. 


Int J Appl Power Eng, Vol. 11, No. 1, March 2022: 62-90 


Int J App] Power Eng 


ISSN: 2252-8792 o 89 


Konstantinos Kitsikoudis © EJ P was born in 1990. He graduated from the Computer 
Science Department of Aristotle University of Thessaloniki in October of 2012 with specialty 
in Information and Communication Technologies in Education. In February of 2015 he took the 
Master Degree in Information Technology, Aristotle University of Thessaloniki with a 
specialty in Information and Communication Technologies in Education. His research interests 
include virtual reality and 3D learning environments. He works as a research assistant at the 
Information and Technologies Institute (ITI) ofthe Center of Research and Technology Hellas 
(CERTH) since October 2014. He can be contacted at email: kzkitsik @iti.gr. 


Dimosthenis Ioannidis © 4 EJ P is a Senior Researcher Grade C’ at CERTH. He received 
the Diploma degree in electrical and computer engineering, the MSc. in Advanced 
Communication Systems and Engineering from the Electrical and Computer Engineering 
department of the Aristotle University of Thessaloniki, in 2000 and 2005 respectively, and his 
PhD with title “Privacy-aware human presence and movement analysis in controlled and 
uncontrolled environments”, from the Faculty of Engineering department of Computer 
Engineering and Informatics, University of Patras in 2017. He has been a teaching assistant at 
ATEITH Thessaloniki (2006-2010), whereas he is currently Lecturer at AUTH’ 
Interdepartmental Postgraduate Programme program (blockchain technology course). During 
the last five years, he has been the (co)author of more than 120 papers in refereed journals, 
edited books, and international conferences. He has served as a reviewer for several technical 
journals. He has also been involved in more than 30 research projects funded by the EC and 
the Greek Secretariat for Re- search and Technology, mainly involved as a leader of several 
WPs, where he had the supervision of a large team of developers and technical teams. His 
main research interests include computer vision, stereoscopic image processing and signal 
analysis, linguistics algorithms, web services, semantics, visual analytics, smart grids and 
energy efficiency, IoT platforms development and security ecosystems including blockchain, 
as well as research in ethics and biometrics. He can be contacted at email: djoannid @iti.gr. 


Maria Zarkadoula © $J P is an Agricultural Engineer, holding a Master’s degree in 
Energy management and Protection of Environment. She is the Head of the Department of 
Environment and Transport of CRES since 1990. She specializes in energy policy and energy 
technologies for the rational use of energy and renewable energy sources, especially in the 
transportation and tertiary sectoras well as in a) Energy Investment and National Policies, b) 
Energy policy and Market Research and c) Environmental Management. Currently she 
supervises CRES activities and projects focused on sustainability, energy efficiency, emobility 
and alternative fuels, Smart Cities, Green Ports and Eco labelling. She also represents CRES in 
transport related working groups including the EnR Transport Working Group, the Green 
Transport Committee and she is also member of the national emobility committee. She can be 
contacted at email: mariazar@cres.gr. 


Apostolos Bizakis © ki P holds a degree in Civil Engineering and an MSc in Civil 
Engineering witha specialization on Transport. He is the President and Managing Director of 
TREDIT S.A. - Engineering Consultants”. He has extensive, over 25 years, professional 
experience in technical and administrative management of transport planning projects, 
including SUMP, ITS, traffic control andmanagement. He has participated in various projects 
funded by European Union as a project man- ager as well as technical supervisor, projects 
which often had complex client structures and required the engagement of a wide range of 
stakeholders. Transport planning and ITS is one of Mr Bizakis’ primary specializations and he 
has been an Elected founding member of the BoD-ITS Hellas the national organization for 
transport telematics (since 2011 on). He can be contacted at email: ABizakis @tredit.gr. 


Stavros Antypas Oki P is holding a Diploma in Civil Engineering from the Technical 
University of Budapest-Hungary, an MSc in Structural Engineering from the University of 
Sheffield-U.K., and an MSc Degree in Infrastructure Works of Civil Engineering from the 
University of Patras-Greece. In his almost 23-year career he has worked as a freelance, mainly 
in the field of structural engineering. From 2002-present he is also working at Patras Port 
Authority S.A., mainly as a Structural Engineer. During 2011 he was appointed as the Head of 
the Department of Design—Construction and Environmental Protection while at the same time 
he was the Project Manager for E.U funded programs. In 2015 he became Director of Holding 
and Development of Patras Port Authority S.A. and he is still the Project Manager of the EU 
funded programs. He is a member of the Technical Chamber of Greece and a member of the 
Greek Concrete Association. He is also a representative-on behalf of the Technical Chamber of 


A low-cost business-oriented seaport energy effective management platform (Asimina Dimara) 


90 


ISSN: 2252-8792 


Greece - in the working group “Support of the Greek Code ofInterventions” by O.A.S.P.Greek 
Earthquake Planning and Protection Organization. He can be contacted at email: 
santipas @ patrasport.gr. 


Goumas Georgios © ki P is a Senior Energy Expert, with extensive research on 
Renewable and Energy Efficiency. He brings in 21 years of experience in leading and working 
in nationally and EU funded projects, dealing with different topics related to the Renewable 
Energy Sources (wind and solar potential analysis), as well as the Energy Efficiency, such as 
waste heat recovery from differentsources (e.g. wastewater, cooling processes), optimal use of 
on-site available renewable and waste heat, technical optimization of heat pumps and boilers 
(efficiency and reliability analysis) and calculation of environmental and economic balances in 
energy systems. He is currently Project Manager of Horizon 2020 projects (EMB3Rs and 
LEAP4SMEs) on behalf of CRES. He can be contacted at email: ggoumas@cres.gr. 


Dimitrios Tzovaras ® EJ P is a Senior Researcher (Researcher A’) and the Director of 
the Informaticsand Telematics Institute (ITI) at the Centre for Research and Technology Hellas 
(CERTH). His mainresearch interests include visual analytics, 3D object recognition, search 
and retrieval, behavioral biometrics, assistive technologies, information and knowledge 
management, multimodal interfaces, computer graphics and virtual reality. He has been 
working as a Researcher since September 1999 and he has been involved in more than 180 
projects, funded by the EC and the Greek Ministry of Research and Technology. His 
involvement with those research areas has led to the co-authoring of over 200 articles in 
refereed journals, more than 570 papers in international conferences and more than 55 book 
chapters. He has served as a regular reviewer for a number of international journals and 
conferences. He is a member of IEEE and EURASIP. He can be contacted at email: 
dimitrios.tzovaras @iti.gr. 


Int J Appl Power Eng, Vol. 11, No. 1, March 2022: 62-90 


